Corrosion of reinforced concrete is the most important cause of concrete structure deterioration. In the present study, the protective effect of the reinforcement mortars against corrosion is examined. In particular, the chloride penetration resistance on reinforced cement mortars using organic coating as additive containing was studied. The aforementioned additive consists of corrosion inhibitor for protection of steel rebars against pitting corrosion. For the experimental procedure, four (4) different types of reinforced mortars were prepared. The corrosion protection of the additive was evaluated by electrochemical methods, (linear polarization resistance, Half-cell Potential Resistance and Electrochemical Impedance Spectroscopy). In addition, the mass loss of steel rebars against time of partially immersed in NaCl solution was carried out in the lab. The experimental results showed that in all examined cases the organic coating provides anticorrosion protection on steel rebars against chlorides.
Introduction
Reinforced concrete structures lately are facing the phenomenon of natural aging, mainly due to the reduced resistance of reinforced concrete caused by corrosion of steel reinforcement. Steel corrosion is generally considered as a complex phenomenon that is dependent on many factors.
Generally, reinforced concrete structures are very resistant to damage from physical and chemical-factors as well as from mechanical loads. A thin surface layer of hydrated iron oxide is created upon the reinforcement, which due to the high alkalinity (pH = 12.5 -13.5) οf the concrete leads to protect the reinforcement steel from corrosion [1] . However, the exposure of the reinforced concrete in a corrosive environment such as chloride ions (Cl − ) or carbon dioxide (CO 2 ), may cause a decomposition/cracking of the passive film upon the steel surface and the corrosion of the steel reinforcement [2] . Chloride ions from de-icing salts and/or marine environments penetrate the concrete cover and they can reach the surface of the reinforcement steel [3] , but the mechanism is not fully understood as the event occurs inside the concrete and the film is too thin to be examined.
When the ratio [Cl − ]/[OH − ] is bigger than 0.6, chloride ions may penetrate concrete cover and build up over time until the concentration reaches a level sufficient to depassivate the steel [4] . After initiation of the corrosion process, the steel will begin corroding and setting up expansive stresses that will crack and spall the concrete cover [5] [6] which eventually result in progressive deterioration of the concrete.
For the effective protection of steel reinforcement in concrete structures, the most widely protective methods that can be used, are the following: cathodic protection, organic coatings, corrosion inhibitors-mineral additives such as pozzolans, silica fume etc. [7] . Corrosion inhibitors are organic or inorganic salts used as admixtures in concrete production in order to protect the steel rebars from corrosion; on the other hand, the inhibitors improve the chloride penetration resistance of concrete. A corrosion inhibitor can be defined [8] as "a chemical compound" added in adequate amounts to concrete prevents or delays the corrosion of embedded steel and has no adverse effect on its physical/mechanical properties. It is worth noting that these type of admixtures increase the consistency of the passive layer on the steel surface, creating a barrier film on the steel, blocking the ingress of chlorides and increasing the degree of chloride binding capacity of the concrete; the oxygen ingress can be also prevented using the corrosion inhibitors or blocking the ingress of oxygen.
It should be mentioned that corrosion inhibitors do not block the evolution of corrosion process, but they rather increase the time of the onset of corrosion and reduce its eventual rate [9] . The fact that corrosion inhibitors may not remain in the repair area, or that there is a potential for micro-cell corrosion development when they are used in a limited area long a continuous reinforcing bar, are some of the drawbacks of corrosion inhibiting admixtures.
In previous work [10] , it has been proved that the organic coatings can also be used for the protection of the steel reinforcement, as they consist a barrier between the porous concrete structure and the corrosive environment and so they are widely used in concrete structures for protection.
The main objective of this study is the experimental study of the use of organic coating containing corrosion inhibitor to provide anticorrosion protection on the reinforcement steel. The use of such organic coating would reduce the cost of labor as a single job will be required. 
Experimental
The corrosion protection of organic coating additive with corrosion inhibitor was studied in four different groups; Steel rebars were cleaned with acetone, distilled water and water from the supply network and axially placed in the cylindrical mortars; the specimens were then partially immersed in 3.5 w/t% NaCl solution. The groups prepared in the lab were: 1) cement mortars with organic coating on their surface, 2) the coating was applied on the steel surface and 3)
the coating was applied both on the surface of the mortar and the steel rebar.
In order to test the corrosion of reinforcement in concrete were used the following methods:
-Half-cell potential measurements of against time of exposure I chloride solu-
tion. An Ag/AgCl electrode (was used as reference in contact with the surface of each specimen.
-Polarization curves recording of steel rebars.
-Mass loss measurements of reinforcement steel. The chemical composition of the cement is presented in Table 1 Table 2 . Chemical analysis of steel reinforcement. volatile corrosion inhibitor. The volatile corrosion inhibitor vapor and permeate the concrete as a gas and form a passive film on the corroded reinforcing steel (reference). -The second coating is a single-component, clear, water based liquid. It has high alkalinity and encapsulates water-soluble chlorides, fills voids in the concrete and inhibits further penetration of moisture. It is applied as a second layer after the first coating. Both coatings were applied using a brush on the dried surface of the specimens while the second coating was applied 24 h after the first layer.
Material Selecting

Specimens Preparation
Four groups of specimens were constructed and each one of them consisted of 6 cylindrical specimens with a height of 100 mm and a diameter of 50 mm. The Organic coating was applied on the surface of the steel bars that are used for groups B and C. The steel rebars were then embedded into the mortar; the space between the specimen base and the bottom of steel was constantly 20 mm.
Organic coating was applied also on the external surface of specimens of groups A and C. Table 3 summarizes the four categories of specimens prepared for the experimental set-up.
Experimental Set-Up
Half-Cell Potential Measurements (HCP)
Half-cell potential measurements are the most widely used method of detection of corrosion of steel reinforcement in concrete [3] . The measurement of the corrosion potential of the steel versus a reference electrode provides information on the probability of corrosion in the concrete [12] .
The Half-cell potential (Ecorr) shows only the tendency of steel for corrosion but does not reflect the corrosion rate of reinforcement. Corrosion rate of reinforcements is affected by a number of factors, which can be the diffusion of oxygen, the concrete's porosity and the presence of highly resistive layer [7] . Measurements of the electrochemical potential of the steel reinforcement were obtained with the use of a high-impedance voltammeter. In LPR measurements the reinforcing steel is perturbed by a small amount of its Table 3 . Description of the four groups of cement mortars that were constructed. Based on Stern-Geary method, the polarization resistance is calculated using Equation (1).
Linear Polarization Resistance Technique (LPR)
From Equation (1) 
where βα, βc are the anodic and the cathodic Tafel slopes, respectively. Corrosion current density, icorr, is calculated by Equation (3), where A is the surface area of steel that has been polarized.
The mass loss is calculated by the Equation (4)
where β is the mass loss of the steel rebar (g), I is the corrosion rate (A), M is the atomic mass of the metal (56 g for Fe), t is the time of exposure (s), z is the ion chance (=2 for Fe → Fe 2+ + 2e − ), and F is the Faraday's constant 96.500 (A*s).
Mass Loss of Steel Rebars
Mortar specimens were broken at 12, 18 and 24 months, in order to evaluate the
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corrosion from chloride ions. After re-dusting and cleaning, the final weight of the steel was obtained and the mass loss was calculated from the difference between its initial and the final weight at any age:
where, M initial is the mass of steel at the beginning, M final is the mass after immersion in NaCl 3.5% w/t.
Electrochemical Impedance Spectroscopy (EIS)
Electrochemical impedance spectroscopy is a non-destructive method that can be used on materials in which the ionic conduction is prevalent on the electronic one; hence, EIS analyzes a lot of materials such as coatings, anodized films and corrosion inhibitors. The aforementioned method can provide detailed information of the systems that are under examination and parameters such as corrosion rate, electrochemical mechanisms and reaction kinetics [13] .
Measurements are generally carried out using a conventional three electrode cell filled with the electrolytic solution which are the working electrode (the sample under the study), the counter electrode and the reference electrode (such as Ag/AgCl/KCl sat.).
A SI 1260 Impedance/Gain-phase Analyzer was used for the electrochemical impedance spectroscopy, which was acquired using the combination of a Potentiostat/ Galvanostat Model 263A from EG&G Princeton Applied Research with a frequency response analyzer and the obtained date were analyzed with an associated software package. Figure 3 presents the average values of corrosion potential of six specimens versus time of exposure in 3.5 w/t% NaCl solution. From the results, it can be seen that the groups of specimens that contain corrosion inhibitor (Groups A, B, Table 4 shows the corrosion condition for the steel's corrosion potential according to ASTM C-867 criteria [14] . 
Results and Discussion
Corrosion Evaluation
Half-Cell Potential Measurements
Electrochemical Mass Loss
In order to make some conclusions for the corrosion condition of mortars for every group of specimens, the measurements of the mass loss are presented graphically versus time. In Figure 4 is presented the electrochemical mall loss of the steel rebar of the four groups of specimens versus the time they are expose to the corrosion environment. Generally from Figure 4 the electrochemical mass loss increases with time for all groups. The electrochemical mass loss of the specimens with two layer organic coating is lower than the electrochemical mass loss of the specimens without organic coating. After 19 months, the electrochemical mass loss is lower for the specimens that the organic coating was applied on the surface of the mortar and the steel rebar.
Electrochemical Impedance Spectroscopy Measurements
Electrochemical impedance measurements are usually made by imposing a small amplitude voltage or current to an electrochemical cell and then measuring the Table 4 . Corrosion potential and corrosion condition. The interpretation of impedance data is based on the use of an electrical equivalent circuit which is representative of the electrochemical process that occurs at the sample/electrolyte interface. In Figure 5 is represented the electrical equivalent circuit that describes the system.
The Nyquist plots for all the Groups of specimens after 10 months and 18 months in 3.5% w.t. NaCl solution are represented below.
In Table 5 , the average values of the polarization residence (Rp) are shown.
From Nyquist plots ( Figure 6 and Figure 7 ) and the polarization residence (Rp) ( Table 5 ) it depicts that Rp for Group C is higher from the Rp of Groups A and B. Additionally, group D that does not contain corrosion inhibitor, has the minimum values of polarization residence (Rp) after 10 and 18 months in the 3.5% NaCl solution. These results show that Polarization Resistance for the Group of specimens in which the two layer organic coating was applied on the external surface of mortar specimens and on the external surface of steel rebars (Group C) is higher indicating lower susceptibility to corrosion.
Mass Loss Results
For the calculation of the mass loss of the steel rebar, specimens from all the groups were broken after 12, 18, 24 and 30 months of partially immersion in 3.5
wt% NaCl solution. In Figure 8 is presented the mass loss of the steel rebars versus exposure time in the corrosion environment. For the results it can be observed that and the three systems protect specimens from corrosion. Also, at the first 12 months it is observed that the specimens in which the organic coating that contained corrosion inhibitor was applied on the surface of the mortar had smaller mass loss. After 12 months, the specimens in which the organic coating that contained corrosion inhibitor was applied on the surface of the mortar and steel rebar had smaller mass loss.
From Figure 8 is observed that specimens from Group C, where the two layer organic coating was applied both on the external of mortar and of steel bar, present better protection against corrosion, with a protection degree of 19%.
Discussion
Based on the evaluation methods, it is observed that specimens in which the two layer organic coating was applied had corroded less than the specimens without organic coating. For the specimens which the two layer of organic coating has applied both to the surface and the steel rebar demonstrate the higher protection degree, (around 19%). This degree of protection is not a satisfactory grade for an excellent corrosion inhibitor, given the fact that there are corrosion inhibitors with protection degree of 50%. The small protection degree, it is possible due to the evaporation of the corrosion inhibitor, which leaves voids in the coating that contains it.
In previous work [17] the addition of organic corrosion inhibitors to mortar exposed in chlorine environment gave a protection rate of 25%. Another work [18] carried out the combined corrosion inhibitor protection with an inorganic coating in a chlorine environment. Protection rates in this case were only 21%
for the corrosion inhibitor and 26% for combined use of corrosion inhibitor and inorganic coating. The use of acrylic dispersion as a coating in the mortar provided 39% protection. According to present study, the combined use of organic coating with volatile corrosion inhibitors in the organic coating on the surface on rebar's combines organic coating with volatile corrosion inhibitors on the surface of the mortar gave the maximum level of protection 19%.
Analysis by scanning electron microscopy (SEM) was performed on two specimens: one from the group C and one of the group D. On the specimens of group C, two-layer organic coating was applied on the external surface of mortar specimens and on the external surface of steel rebars. On the specimens of group D, were not applied corrosion inhibitor, in order to investigate the bonding between inhibitor and the concrete. Respectively, Figure 11 show SEM analysis and Figure 12 the mapping of two chemical elements (Ca, C) observed on the specimen without corrosion inhibitor.
In specimen from Group D was observed absence of Nitrogen (N), according to the mapping, which is expected, as it did not contain corrosion inhibitor.
From Figures 9-12 , it depicts that corrosion inhibitor is distributed in the concrete and it is not concentrated at some point, as it should be happened, if the corrosion inhibitor had separated from the concrete. So the fact that corrosion rates seem to increase with time, even when the organic coating was applied to both the surface of the reinforcement and the surface of the mortar may be due to the small amount of the inhibitor that organic coating contains.
The idea of using an organic coating, with a volatile corrosion inhibitor to be applied to the surface of the mortar is attractive. Because, it achieves in one operation the merger of the two operations of applying the corrosion inhibitor and the organic coating to one. However, the protection rates of 19%, even when applied to both the surface of the reinforcement and the surface of the mortar, E. Voulgari et al. were poor. Therefore, the formation of the organic coating with volatile corrosion inhibitor should be re-examined.
Conclusions
In the present paper, four systems were studied regarding their protection level against corrosion by chloride ions. From the results of the measurements, the following can be drawn: -The organic coating containing corrosion inhibitor provides anticorrosion protection on steel rebars in all cases. -The system organic coating/corrosion inhibitor applied on the surface of the mortar and steel rebar appeared better behavior than the other systems. -The optimum anticorrosion protection using the organic coating was 19%.
The present research could be continued in order to optimize the composition of the organic coating to protect against corrosion of concrete reinforcements with possible improvement of the second layer of the organic coating, so that the corrosion inhibitor contained in the first layer does not vapor outwards. This will also increase corrosion inhibitor in the concrete. E. Voulgari et al. 
